A technique of orthotopic liver transplantation using a segmental graft from living donors was developed in the dog. Male mongrel dogs weighing 25-30 kg were used as donors and 10-15 kg as recipients. The donor operation consists of harvesting the left lobe of the liver (left medial and left lateral segments) with the left branches of the portal vein, hepatic artery and bile duct, and the left hepatic vein. The grafts are perfused in situ through the left portal bran6h to prevent warm ischemia. The recipient operation consists of two phases: total hepatectomy with preservation of the inferior vena cava using total vascular exclusion of the liver and veno-venous bypass, implantation of the graft in the orthotopic position with anastomosis of the left hepatic vein to the inferior vena cava and portal, arterial and biliary reconstruction. Preliminary experiments consisted of four autologous left lobe transplants and nine non survival allogenic left lobe transplants. Ten survival experiments were conducted. There were no intraoperative deaths in the donors and none required transfusions. One donor died of sepsis, but all the other donor dogs survived without complication. Among the 10 grafts harvested, one was not used because of insufficient bile duct and artery. Two recipients died intraoperatively of air embolus and cardiac arrest at the time of reperfusion. Three dogs survived, two for 24 hours and one for 48 hours. They were awake and alert a few hours after surgery, but eventually died of pulmonary edema in 2 cases and of an unknown reason in the other. Four dogs died 2-12 hours postoperatively as a result of hemorrhage for the graft's transected surface. An outflow block after reperfusion was deemed to be the cause of hemorrhage in these cases. On histologic examination of the grafts, there were no signs of ischemic necrosis or preservation damage.
INTRODUCTION
Orthotopic liver transplantation (OLT) can be life saving for infants and children with severe liver disease. However, many of these patients progress to end stage at a young age when donor organs are relatively unavailable. For example, of 35 children with biliary atresia who died during the process of OLT in one series, 25 died while waiting on the list for lack of a donor . Also, rapidly progressive diseases such as fulminant hepatitis do not allow adequate time to obtain a donor, which increases overall mortality. These considerations have prompted the development of alternative approaches including reduced-size grafts [2] [3] [4] [5] 
Recipient Operation
In addition to the vascular access described above, the left femoral and external jugular veins were isolated for the purpose of veno-venous bypass. The same surgical incision was used. The porta hepatis was dissected as in preparation for routine OLT. The common bile duct and the branches of the hepatic artery were divided as close to the liver as possible. The portal vein was dissected for a distance of 3-4 cm up to the level of its bifurcation and the pancreatico-duodenal vein was ligated and divided. The liver was then completely mobilized by section of its ligaments, and the IVC was dissected free from the retroperitoneum with division of the adrenal vein when necessary.
Spleno-cavo-jugular veno-venous bypass, after splenectomy was used (Figure 4 ), powered by a centrifugal pump (Biomedicus, Medtronics, Minneapolis, Min) to prevent mesenteric congestion .T otal vascular exclusion of the liver was achieved by portal vein occlusion and clamping of the supra-hepatic and infra-hepatic vena cava. Veno-venous by-pass was immediately started and adjusted to achieve proper hemodynamic response and adequate decompression of the portal vein.
Removal of the devascularized liver was begun by ligating and dividing the branches of the portal vein distal to its bifurcation to save as much of its length as Thus, total hepatectomy was completed while the IVC was preserved (Figure 4 ).
This was achieved without any bleeding due to vascular exclusion. Leaks on the IVC were identified and sutured after releasing the infrahepatic caval clamp while the left hepatic vein was clamped. Fibrin sealant was then spread on the exposed IVC. Figure 5 shows the implantation of the segmental graft. The hepatic vein of the graft was anastomosed to the common trunk described above using continuous suture of 5/0 polypropylene. A small opening was left on the anterior aspect of the anastomosis to allow flushing of preservation solution from the graft. The portal vein was connected by an end to end anastomosis using 6/0 suture. A 14 French rubber catheter was inserted in. the portal vein before the portal anastomosis was completed and the graft was flushed with 500 cc of warm normal saline solution. The portal and hepatic vein anastomoses were then completed. To revascularize the graft, IVC clamps were released, followed by the portal clamp. Arterial continuity was restored by anastomosing the distal end of the donor's gastroduodenal artery to the side of the recipient's hepatic artery at the point of bifurcation with the gastroduodenal artery using a running suture of 7/0 polypropylene. Bile drainage was achieved by a duct to duct anastomosis using interrupted stitches of 6/ 0 polypropylene. The anterior wall of the graft's bile duct was split vertically, when necessary, to increase the diameter of the anastomosis. The abdomen was closed as in the donor.
Recovery and Post-Operative Care
After recovery of spontaneous ventilation, the animals were extubated. The right jugular catheter was tunnelled subcutaneously for purposes of administering drugs and fluids and blood sampling. A solution of 5% dextrose in lactated Ringer's was infused for the first 12 hours and analgesics were injected at regular intervals. 
Experimental Design
The study was designed in three phases: Phase 1: To assess the feasibility of the operation, four dogs were autologously transplanted. The left lobectomy was performed as described. Then, the remainder of the liver was resected with preservation of the IVC after a porto-jugular bypass had been instituted. The previously prepared left lobe was autotransplanted in the orthotopic position. Phase 2: To assess the feasibility of allogenic transplantation by the procedure described, non-survival experiments were undertaken using 9 pairs of dogs. During this phase, the technique was refined to the point that survival experiments could be undertaken. 
RESULTS

Donor Operation
Mean blood loss in the donors of the phase 3 experiments was 133 + 98 ml (range 20-300) and no animal required transfusion. The operating time was 3-4 hours.
There was no intraoperative death. The first donor died of infected liver necrosis of the quadrate lobe on day 3. After that case, the quadrate lobe and the papillary process of the caudate lobe were always resected. The nine other donor dogs survived without complication. As shown on Figure 6 , mild abnormalities of the liver function tests were observed in the postoperative period, but the numbers returned to the normal range within week in all cases. All animals were sacrificed at day 21 there were no signs of ischernic necrosis or preservation damage ( Figure 7 ). 
DISCUSSION
This study is, to our knowledge, the first report of an attempt at liver transplantation from a living donor. The results show that it was possible, in the dog to: harvest non-ischemic segmental liver grafts with adequate vascular pedicles and bile duct from a living donor without altering the vascularization and the biliary drainage of the remaining liver; 2 perform a total hepatectomy in the recipient with preservation of the IVC; and achieve adequate revascularization of a segmental liver graft using segmental vessels and bile duct and orthotopic hepatic venous anastomosis.
The cornerstones of the technique reported herein are twofold: meticulous dissection of the hilus structures in the donor, identifying all the pedicles and avoiding warm ischemia of the graft, and use of total vascular exclusion of the liver associated with spleno-cavo-jugular venous bypass in the recipient. Although many experimental studies of segmental liver transplantation have used heterotopic and/or auxiliary positioning of the graft 4-19, we chose to use an orthotopic non-auxiliary technique. Because of previous observations that optimal venous drainage of a liver graft was achieved when it was placed as close as possible to the diaphragm 18, 20 and that heterotopic grafts can be lost due to inadequate outflow conditions 21, we chose orthotopic positioning. We also avoided auxiliary transplantation by excision of the whole native liver. In other techniques of segmental OLT, the liver parenchyma was reduced in size by an extracorporeal hepatectomy, but the pedicles of the whole liver are used for anastomosis (i.e. IVC, portal vein trunk, celiac trunk and common bile duct) 22,23. In the present study, segmental portal pedicles and the left hepatic vein were used for reconstruction. The size ratio that we chose between donor and recipient dogs made this possible, as might be the case of a parent providing a hepatic allograft for a child. The application of this technique to human transplantation depends upon a sufficiently low risk to the donor. In these experiments, donor survival was excellent. The hepatectomy performed for the purpose of supplying a graft is not the same as for the resection of an isolated pathologic process. The vascular pedicles must be retained for both the graft and the remaining liver. It also must include in situ perfusion and cooling of the lobe to be resected. This study provides a safe technique to achieve these purposes.
The technique of harvest described herein is applicable to human liver segmental anatomy 24, 25 (Figure 8 In conclusion, this study, combined with the clinical experience using reduced liver grafts in children, shows the technical feasibility of living hepatic allograft donation.
